The second near-infrared window (NIR-II, 1000-1400 nm) is ideal for fluorescence imaging owing to negligible tissue scattering and minimal autofluorescence. NIR-II luminescence nanophosphors are promising materials for fluorescence imaging. Mn 5+ is emerging as a new luminescent indicator owing to its typical NIR-I (800 nm) to NIR-II (1190 nm) downconversion luminescence. Herein, we report a facile synthesis approach to prepare Mn 5+ doped Ba 3 (MO 4 ) 2 (M ¼ V, P) nanoparticles with a remarkably sharp emission peak around 1190 nm in the NIR-II region for the first time to our knowledge. The developed two-step approach based on efficient anion exchange reaction is able to not only stabilize the valence but also keep the controlled morphology and uniform size. It is highly possible that the general approach will provide a new perspective on synthesizing special valence ion doped nanosized materials.
Introduction
Recently, a large amount of attention has been devoted to the investigation of uorescence imaging, which provides visible information about disease with high sensitivity and fast feedback.
1,2 Biological tissues such as skin and blood scatter and absorb less near-infrared (NIR) light than visible light so that the light in the NIR biological window can penetrate these tissues more efficiently. 3 In the past years, extensive investigation has been focused on uorescent probes emitting in the conventional near-infrared biological window (NIR-I, wavelength of 700-1000 nm). [4] [5] [6] Recently, it has been demonstrated that the phosphors for emission in the second near-infrared biological window (NIR-II, wavelength of 1000-1400 nm) and excitation in the NIR-I are optimal for the uorescence imaging of live animals owing to their lower background noise, greater tissue penetration depth, and reduced photon scattering and photo damage effects. 7, 8 Therefore, they are expected to become more desirable in biological imaging. Up to now, numerous bioluminescence probes emitting in the NIR-II region have been developed, such as quantum dots, 9 carbon nanotubes, 10 and lanthanide doped nanomaterials.
11 However, most of those probes suffer from poor photostability, short luminescence lifetime, poor biocompatibility, high toxicity and even high cost.
12 Therefore, their further application is still limited and it is desirable to develop a novel NIR-II luminescence probe for uorescence imaging.
Mn 5+ , a transition-metal ion with 3d 2 electron conguration, is stabilized in a tetrahedral coordination environment, where it has the 1 E state below the 3 T 2 state, giving rise to a longer-lived NIR emission in the 1000-1400 nm region. 13 Mn 5+ doped phosphate and vanadate are considered promising candidates for solid-state lasers owing to their long uorescence lifetime, the strong absorption and effective stimulated emission cross section in the near-infrared region. it is still impractical to control the particle size and morphology via this route. In addition, high reaction temperature and long reaction time are required in the whole preparation process. To the best of our knowledge, nanosized materials with Mn 5+ as the uorescence center have never been reported. Therefore, it is highly desirable to develop a general but low-cost route to fabricate Mn 5+ doped nanoparticles.
In this work, we demonstrate a strategy to fabricate for the rst time, we believe, Mn 5+ doped Ba 3 (MO 4 ) 2 (M ¼ V, P) nanoparticles in order to achieve uorescence imaging. 
Characterization
Powder X-ray diffraction (XRD) was performed on an X'Pert PRO X-ray diffractometer (PANalytical, The Netherlands) using Cu Ka (l ¼ 1.5418Å) radiation. The excitation and emission spectra decay curves were measured using a spectrouorometer (iHR 320, Jobin-Yvon, France) equipped with a 150 W xenon lamp, a monochromator and a liquid nitrogen-cooled DSS-IGA020L InGaAs detector (800-1600 nm). All spectra were corrected for the optical system responses. Thermogravimetric analysis (TG) and differential scanning calorimetry (DSC) were carried out using a thermal analyzer (NETZSCH, STA449C, Germany). The samples were heated at a rate of 10 C min À1 in nitrogen atmosphere. The particle size and distribution of samples were determined by dynamic light scattering (DLS) using an electrophoretic light scattering spectrophotometer (Malvern Instruments Ltd, Zetasizer Nano-ZS, UK). The Raman spectrum was measured with a Raman spectrometer (Renishaw inVia, UK) using a 532 nm laser as an excitation source. The doping concentration of Mn 5+ was measured by atomic absorption spectroscopy (AAS). A highresolution transmission electron microscope (HR-TEM, 2100F, JEOL, Japan) was employed to measure the size and morphology of all the samples. Scanning electron microscopy (SEM) images were taken with a eld-emission scanning electron microscope (Nova NanoSEM 430, FEI, The Netherlands). Luminescence tissue imaging was performed with a modied imaging system including a Germany pro camera as the signal collector. All luminescence images were taken in a dark room and analyzed with home-made soware. An 808 nm laser (LEO, China) was selected as excitation source. Pork tissue samples were purchased from a local market and placed in a dark room kept at 25 C. All the measurements were carried out at room temperature. 
Results and discussion
where I(t) and I 0 represent the emission intensity at times t and 0, respectively. A is a constant and s is the decay time. The tted decay times are calculated to be 0.364, 0.344, 0.337, 0.334 and 0.332 ms for x ¼ 0.1, 0.5, 1, 1.5 and 2, respectively. It is widely 
Generally, the diffusion rate in ion exchange reaction is an important factor to control the formation of the particles. 22 In bulk materials, the diffusion rates of exchanged ions are quite low owing to the larger particle size. When it comes to nanosized materials, it has been reported that the diffusion rates are millions of times faster than in the bulk materials. 23 However, anions have larger ionic radius than cations, so that the anion exchange reaction usually has a lower diffusion rate, which always makes rigorous reaction conditions necessary. It is acknowledged that the faster diffusion of cations than incoming anions based on the nanoscale Kirkendall effect is the main mechanism to explain the reaction of anion exchange. 
Conclusions
In conclusion, we provide, for the rst time, we believe, a facile two-step strategy based on efficient anion exchange reaction to fabricate Mn 5+ doped nanoparticles. This novel approach not only can stabilize the valence, but also is able to control the uniform size. 
